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Introduction: Laparoscopic anti-reflux surgery is conventionally performed using two 10/12 mm ports. While laparoscopic procedures reduce post-operative pain, the use of larger ports invariably increases discomfort and affects cosmesis. We describe a new all 5 mm ports technique for laparoscopic anti-reflux surgery and present a review of our initial experience with this approach. Methods: All patients undergoing laparoscopic fundoplication over a 35 month period from February 2013 under the care of a single surgeon were included. A Lind laparoscopic fundoplication was performed using an all 5mm port technique. Data was recorded prospectively on patient demographics, operating surgeon, surgical time, date of discharge, readmissions, complications, need for re-intervention, and reasons for admission. Results: Two hundred and five consecutive patients underwent laparoscopic fundoplication over the study period. The all 5 mm port technique was used in all cases, with conversion to a 12 mm port only once (0.49 %). Median operating time was 52 minutes. 185 (90.2 %) patients were discharged as day cases. Increasing ASA grade and the presence of a hiatus hernia were associated with the need for overnight stay with admission required in 33 % of patients with ASA 3, compared to 4 % with ASA 1 (p=0.001), and 29 % of those with a hiatus hernia vs. 5 % without (p<0.001). No port-related complications occurred, and no patients developed recurrence of reflux symptoms. A single patient required mesh repair of a large hiatus hernia. Conclusion: The all 5 mm ports approach to laparoscopic anti-reflux surgery is a safe, efficient, and cost-effective technique which facilitates same day discharge and minimises port related complications. National commissioning guidelines in the UK should target quality improvements in anti-reflux surgery based around day-case management. This would improve the service for these patients and culminate in cost savings for the NHS.
Introduction
Laparoscopic fundoplication is the standard of care for patients with refractory gastrooesophageal reflux disease (GORD) particularly those with volume symptoms and chronic respiratory complications. 1, 2 Surgery also prevents the need for lifelong proton pump inhibitor therapy in patients with symptomatic GORD, with effective control of symptoms in up to 88% of patients at 5 years. [2] [3] [4] [5] [6] Increasingly commissioners are seeking cost efficient services that are delivered with low morbidity and short hospital stays. 7 Traditional open anti-reflux surgery was frequently associated with wound and respiratory complications leading to prolonged admission. 8, 9 However, the advent of laparoscopic fundoplication has reduced this morbidity significantly, and facilitated early discharge. 10 Day-case laparoscopic anti-reflux surgery is now widely practiced and has been shown to result in similar long-term functional and quality of life outcomes compared to an inpatient approach, but with a considerable cost saving. 11, 12 Despite this, day case rates for anti-reflux surgery in England remain under 10 % with an average length of stay of 2.7 days (5). 13 Recently, combined guidance from the Association of Upper Gastrointestinal Surgeons (AUGIS) and the Royal College of Surgeons of England (RCS) has recommended that commissioners introduce financial incentives for Trusts that provide a day-case service and are able to demonstrate a median length of stay of one day following anti-reflux surgery. 7 
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Laparoscopic anti-reflux surgery is conventionally performed with the use of two 10/12mm ports. The reported incidence of port site complications following laparoscopic surgery varies between 0.2% and 6% with the use of larger ports being associated with increased post-operative pain as well as a higher risk of port-site bleeding and herniation. 14 A recent randomised trial comparing an "all 5mm ports" versus a conventional ports approach to laparoscopic fundoplication demonstrated that the all 5mm port technique was safe, and achieved improved cosmetic results and patient acceptability. 15 The present consecutive case series reports single surgeon outcomes using an all 5 mm ports technique for laparoscopic anti-reflux surgery with the aim of maximising day-case rates and minimising post-operative wound related morbidity.
Patients and Methods
Consecutive patients undergoing laparoscopic anti-reflux surgery under the care of a single surgeon using an all 5mm port technique between February 2013 and January 2016 are included. Data was recorded prospectively and included patient demographics, indication for surgery, surgeon, duration of surgery, length of hospital stay, readmission rates, need for post-operative re-intervention, and port site complications. Prior to analysis, all data were corroborated by retrospective review of electronic case records. All patients were reviewed post-operatively at 12 weeks.
Surgical Technique
The all 5mm port technique was employed unselectively in all cases utilising a high-definition 5mm camera. The dissection, hiatal repair and fundoplication where performed using a standardised, Lind partial fundoplication technique which has successfully been adopted in our unit since 1999 in over 1300 cases. No changes were made to the operative procedure as previously described. 16 Pneumoperitoneum was established using Veress needle insufflation at the left costal margin and the left lateral lobe of the liver was retracted to allow access to the hiatus. Hiatal dissection was performed using hook diathermy only, ensuring at least 4cm of intraabdominal oesophagus and with preservation of the crural epimysium. Advanced energy devices were not utilised for any of the cases. The short gastric vessels were never divided. Crural repair was completed using non-absorbable suture material taking care to avoid overtightening of the crural defect. A bougie was not used for calibration in any case. Where a large hiatus hernia was encountered which prevented tension-free repair of the crural defect, a Bard CruraSoft hiatal patch was fixed to the crural margins. The mesh was inserted into the abdominal cavity by twisting it tightly over a Veress needle which was then inserted through a 5mm port.
In all cases a 300 degree subtotal posterior fundoplication (Lind) was performed leaving a bare area on the anterior oesophagus for the anterior vagus nerve which was carefully identified and preserved. 16, 17 The superior most suture on either side of the wrap was anchored to the hiatal margin and two further sutures on each side of the oesophagus completed the fundoplication (Figure 1 ). All cases were performed by a single Consultant surgeon or a senior trainee with direct Consultant supervision. Patients were given a 100mg diclofenac suppository at the end of
the procedure unless contraindicated. Two hours after the procedure all patients received 40mg subcutaneous enoxaparin.
Statistical analysis
Continuous variables are reported as mean ± SD, with comparisons between groups being made using t-tests. Fisher's exact tests were used for categorical variables. Comparisons with ASA were made using Kendall's Tau or Jonckheere-Terpstra tests, as applicable, in order to account for the ordinal nature of this factor. Pearson's r correlation coefficients were produced when comparing two continuous variables. All analyses were performed using IBM SPSS 22 (IBM Corp. Armonk, NY), with p<0.05 deemed to be indicative of statistical significant throughout.
Results
Two hundred and five consecutive patients underwent laparoscopic fundoplication over the 35 month study period. The all 5mm port technique was used in all cases, with conversion to a 12mm port in one patient (0.49%) to permit insertion of a swab. The median age of patients was 51 years (range 81-19 years) and the majority were female (61.5%). 95(46.3%) cases were performed by a senior trainee under direct supervision of a single Consultant surgeon who performed the remaining 110(53.7%) cases. 35 (17.1%) patients had a sliding hiatus hernia, with a single patient (0.49%) requiring mesh insertion at the hiatus. There were no conversions to open surgery. Patient demographics and operative factors are reported in Table 1. 185 (90.2%) patients were discharged on the day of surgery. 17(8.3%) patients were discharged on the first post-operative day, and 1 (0.49%) patient each on day 2 and day 3. One patient was admitted for 7 days following an exacerbation of asthma. The causes for delayed discharge in these patients were post-operative nausea (3, 1.5%), pain (3, 1.5%), exacerbation of asthma (1, 0.49%), planned admission due to medical comorbidity (11, 5.3%), and a delayed start time causing a late finish (2, 0.97%).
Surgical and patient factors were correlated to length of stay data ( Table 2) . Patients with a hiatus hernia were more likely to require an overnight stay than those without (29% vs. 5%, p<0.001). Increasing ASA grade was also associated with need for overnight stay with admission required in 33% of patients with ASA 3, compared to 4% with ASA 1 (p=0.001). Table 3 . The median operating time using the 5mm port technique was 52 minutes (range 26 -113), which was significantly shorter when the surgery was undertaken by the Consultant as opposed to a trainee (45 Vs 64 minutes; p<0.001). The Consultant operated on a larger proportion of patients with ASA 2/3 than the trainees, who operated on a higher proportion with ASA 1 (p=0.016).
Factors influencing operating time are reported in
No intra-operative or immediate post-operative complications occurred. There were 6 readmissions within 30 days for pain (3, 1.5%), nausea (2, 0.97%) and dysphagia (1, 0.49%). After a median follow-up of 6 months, no patients required repeat surgical intervention, although 3 (1.5%) patients with persistent dysphagia at 6 weeks underwent a single endoscopic dilatation with successful outcome. No port-related complications occurred, and no patients developed recurrence of reflux symptoms.
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Discussion
Day-case laparoscopic fundoplication is known to be safe, efficient, and cost-effective. Combined guidance from the Association of Upper Gastrointestinal Surgeons (AUGIS) and the Royal College of Surgeons of England (RCS) has recommended that commissioners provide financial incentives to encourage short post-operative stays following anti-reflux surgery.
Despite more than 70% of all elective surgery being performed laparoscopically in the UK, uptake of day case anti-reflux surgery has remained limited. 18 Day case figures reported in the literature vary widely and higher rates have been attributed to case selection and publication bias. The Surgical Workload, Audit and Research Database (SWORD), maintained by AUGIS, has reported increasing day case rates in England with 5.5% of patients undergoing day case fundoplication in 2009-10 compared to 11.7% in 2014-15. [19] [20] [21] [22] [23] Our day case rate of 89% reported in this series for consecutive group of unselected patients compares very favourably to these data.
As well as an evolution in surgical mentality, it is a combination of organisational, patientcentred, anaesthetic, and surgical factors which are essential to establishing and maintaining an ambulatory service. These include meticulous pre-assessment including effective patient education, short surgical and anaesthetic times with limitation of post-operative nausea and vomiting (PONV), and minimisation of surgical trauma and intra-operative bleeding. Pain control must be optimised using a multimodal strategy. In the present series all patients received a diclofenac suppository at the end of the procedure unless contraindicated, in combination with local anaethetic. The administration of stronger opiates, such as morphine was avoided in the post-operative period. In addition, 99.5% of cases were performed using an all 5mm port technique. These measures enabled a day-case rate of 90.2%. Increasing ASA grade and the presence of a hiatus hernia predisposed to an increased risk of overnight stay. These findings are consistent with previous series. 18, 24, 25 The present series describes the experience of a single surgeon and the results may therefore not be generalisable to a wider cohort. The length of follow-up was also relatively short, and the long-term incidence of recurrent reflux or port-site hernia cannot therefore be reported. There were however no short term port-related complications. It was not the aim of the present series to evaluate long-term control of reflux using the modified Lind fundoplication as these data have been reported previously. 24 Nevertheless, across a median follow-up of 6 months, there were no cases of recurrent reflux, or surgical re-intervention in the present series.
A previous study carried out at our unit over a ten year period demonstrated a failure rate of 1.6% (defined as recurrence of symptoms or hiatus hernia) after a 12 month follow up. 25 In this series which included 723 patients, there was a re-operation rate of 0.41% (3 patients) with one of those cases being drainage of a port site abscess. A single patient underwent a redo hiatus hernia repair and fundoplication within one year which compares very favourably to 12 month re-operation rates reported in the literature. 25 The all 5 mm ports approach to laparoscopic anti-reflux surgery is a safe, efficient, and costeffective technique which facilitates same day discharge and minimises port related complications. National commissioning guidelines in the UK should target quality 
Highlights
Two hundred and five consecutive patients underwent laparoscopic fundoplication using an all 5 mm port technique with conversion to a 12 mm port only once (0.49 %). In this unselected cohort, same day discharge was achieved in 89% of patients. Hiatal hernia repair using mesh was performed without the need to convert to larger ports.
